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(5)  Substituted  bicyclo  (2,2,1  Jheptanes  and  hept-2-enes  and  their  pharmaceutical  compositions. 

Novel  bicyclo  [2,2,1]  heptanes  and  hept-2-enes  are  sub- 
stituted  at  the  5-position  by  a  6-carboxyhex-2-enyl  group  or  a 
modification  thereof,  and  at  the  6-position  by  a  grouping 
-C(R)-N-NHCO-(NH)a-R'  in  which  R  is  hydrogen,  an  aliphatic 
hydrocarbon  residue,  an  aromatic  residue  or  an  aliphatic  hyd- 
rocarbon  residue  substituted  by  an  aromatic  residue,  a  is  0  or 
1  and  R'  in  an  aliphatic  hydrocarbon  residue,  an  aromatic 
residue,  or  an  aliphatic  hydrocarbon  residue  substituted 
directly  or  through  an  oxygen  or sulphur  atom  by  an  aromatic 
residue.  The  compounds  are  of  value  for  use  in  pharmaceuti- 
cal  compositions  particularly  in  the  context  of the  inhibition  of 
thromboxane  activity. 



This  inven t ion   r e l a t e s   to  b i o l o g i c a l l y   ac t ive   compounds  and 

in  p a r t i c u l a r   to  c e r t a i n   novel  compounds  e x h i b i t i n g   a c t i v i t y   a t  

thomboxane  r ecep to r   s i t e s .  

Thromboxane  A2  (TXA2),  which  is  derived  from  a r a c h i d o n i c   a c i d  

via  p r o s t a g l a n d i n   H  (PGH2),  is  imp l i ca t ed   in  severa l   p o t e n t i a l l y  

noxious  ac t ions   on  var ious   body  systems,   inc luding  p l a t e l e t  

a g g r e g a t i o n ,   b r o n c h o c o n s t r i c t i o n   and  pulmonary  and  s y s t e m i c  

v a s o c o n s t r i c t i o n .   Thus  TXA2  may  be  involved  in  the  normal  s e a l i n g  

of  blood  v e s s e l s   fo l lowing  i n ju ry   but  in  add i t ion   may  c o n t r i b u t e  

to  p a t h o l o g i c a l   i n t r a v a s c u l a r   c l o t t i n g   or  thrombosis .   Moreover ,  

the  c o n s t r i c t o r   ac t ions   of  TXA2  on  b r o n c h i o l a r ,   pulmonary  v a s c u l a r  

and  systemic  vascu la r   smooth  muscle  may  be  important   in  t h e  

development  of  severa l   a n a p h y l a c t i c   cond i t i ons   including  b r o n c h i a l  

asthma.  Ther  is  also  some  evidence  to  impl i ca t e   PGH2  and  TXA2  in  

the  genes is   of  i n f l a m m a t i o n .  

It  is  an  objec t   of  the  p r e sen t   inven t ion   to  provide  compounds 

having  a c t i v i t y   at  thromboxane  r e c e p t o r   s i t e s ,   and  most  e s p e c i a l l y  

to  provide  compounds  which  are  i n h i b i t o r s   of  thromboxane  a c t i v i t y  

and  are  t h e r e f o r e   of  i n t e r e s t   in  one  or  more  areas  of  med ica l  

t r ea tmen t   inc luding   the  t r ea tmen t   of  thrombot ic   d i s o r d e r s ,   t h e  

t r ea tmen t   of  a n a p h y l a c t i c   d i sease   s t a t e s ,   and  t r ea tmen t s   u t i l i s i n g  

a n t i - i n f l a m m a t o r y   a g e n t s .  

Accordingly  the  p resen t   i nven t ion   comprises  a  compound  b e i n g  

a  b icyc le   [ 2 , 2 , 1 ]   heptane  or  hep t -2Z-ene   which  is  s u b s t i t u t e d   a t  

the  5 - p o s i t i o n   by  a  6 - c a r b o x y h e x - 2 - e n y l   group  or  a  m o d i f i c a t i o n  



t h e r e o f   as  def ined  h e r e i n ,   and  at  the  6 - p o s i t i o n   by  a  g r o u p i n g  

-C(R)=N-NHCO-(NH)  - R '   in  which  R  is  hydrogen,  an  a l i p h a t i c   h y d r o -  

carbon  r e s i d u e ,   an  a romat ic   r e s idue   or  an  a l i p h a t i c   h y d r o c a r b o n  

r e s idue   s u b s t i t u t e d   by  an  aromat ic   r e s idue ,   a  is  0  or  1  and  R'  i s  

an  a l i p h a t i c   hydrocarbon  r e s i d u e ,   an  aromatic  r e s i d u e ,   or  an 

a l i p h a t i c   hydrocarbon  r e s idue   s u b s t i t u t e d   d i r e c t l y   or  through  an 

oxygen  or  sulphur  atom  by  an  aromatic   r e s i d u e .  

Cer ta in   of  the  compounds  con ta in ing   a  modif ied  6 - c a r b o x y h e x -  

2-enyl  group  act  through  the  convers ion  of  the  modif ied  group  back  

to  the  unmodif ied  group  in  vivo.  In  add i t i on   to  such  b i o p r e c u r s o r s ,  

the  i nven t ion   also  extends  in  general   to  other  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   b i o p r e c u r s o r s   for  the  b icyclo   [ 2 , 2 , 1 ]   heptanes   and 

h e p t - 2 Z - e n e s   desc r ibed   above,  such  a  b i o p r e c u r s o r   being  a  compound 

having  a  s t r u c t u r a l   formula  d i f f e r e n t   from  the  a c t i ve   compound 

but  which  upon  a d m i n i s t r a t i o n   is  converted  t h e r e t o   in  v i v o .  

M o d i f i c a t i o n s   of  the  6 - ca rboxyhex-2 -eny l   group  which  may  be  

made  in  compounds  according   to  the  p resen t   i nven t ion   are  of  two 

types .   F i r s t l y ,   the re   are  m o d i f i c a t i o n s   which  involve  a l t e r a t i o n  

of  the  hex-2 -eny l   group  by  one,  or  where  a p p r o p r i a t e   by  a  

combinat ion,   of  the  fo l lowing :   (a)  r educ t ion   of  the  double  bond 

o p t i o n a l l y   accompanied  by  the  replacement   of  a  carbon  atom  at  t h e  

5,6  or  even  the  7   p o s i t i o n   r e l a t i v e   to  the  C  of  the  c a r b o x y l i c  

acid  group  by  a  sulphur   or  p a r t i c u l a r l y   an  oxygen  atom;  (b) 

a l t e r a t i o n   of  the  p o s i t i o n   of  the  double  bond,  for  example  t o  

the  4,  5  p o s i t i o n ;   and  (c)  sho r t en ing   or  l eng then ing   of  the  ca rbon  



chain,  p a r t i c u l a r l y   by  one  or  two  methylene  groups  and  c o n v e n i e n t l y  

at  the  end  of  the  chain  ad jacen t   to  the  carboxy  g roup .  

The  second  form  of  m o d i f i c a t i o n ,   which  may  if  des i red   be 

combined  with  a  m o d i f i c a t i o n   of  the  f i r s t   type,  involves   c o n v e r s i o n  

of  the  carboxy  group  to  a  f u n c t i o n a l   d e r i v a t i v e   inc luding   s a l t s  

t h e r e o f .   Funct ional   d e r i v a t i v e s   descr ibed   in  the  p r o s t a g l a n d i n  

art  are  of  p a r t i c u l a r   i n t e r e s t ,   inc luding   e s t e r s   such  as  a l k y l  

e s t e r s ,   amides  such  as  those  con ta in ing   the  group  -CONHSO2CH3  and 

v a r i a n t s   thereon,   and  s a l t s   with  var ious   p h y s i o l o g i c a l l y   a c c e p t a b l e  

c a t i o n s - S p e c i f i c   examples  of  s a l t s   are  those  with  an  a l k a l i   me ta l  

such  as  sodium  or  with  qua t e rna ry   ammonium  ions  or  amines  such 

as  t r i s .   As  mentioned  above,  it  will   be  a p p r e c i a t e d   that   many  o f  

such  compounds  are  in  fact   b i o p r e c u r s o r s   for  the  c o r r e s p o n d i n g  

compound  con ta in ing   a  carboxy  group  to  which  they  are  c o n v e r t e d  

in  v i v o .  

Groupings  s u b s t i t u t e d   at  the  6 - p o s i t i o n   in  which  R  is  n o t  

hydrogen  more  u sua l ly   contain  organic   groups  of  a  s imi l a r   type  t o  

those  descr ibed   below  for  R',  the  a l i p h a t i c   hydrocarbon  and  a r o m a t i c  

r e s idue   groups  being  of  p a r t i c u l a r   i n t e r e s t .   Groupings  in  which 

R  is  hydrogen  are  however  of  p a r t i c u l a r   i n t e r e s t .  

Although  the  samicarbazone  type  of  grouping,   -C(R)=N-NHCO- 

NH-R',  in  which  a  is  1  is  of  i n t e r e s t ,   p a r t i c u l a r   i n t e r e s t   c e n t r e s  

upon  the  acylhydrazone   type  of  grouping  -C(R)=N-NH-CO-R'  in  which 

a  is  O. 



A l i p h a t i c   hydrocarbon  r e s i d u e s   c o n s t i t u t i n g   R'  may 

conven ien t ly   be  of  one  to  f ive ,   s ix,   seven,  e igh t ,   nine,  ten  o r  

even  more  carbon  atoms,  being  for  example  a  branched  or  unb ranched  

alkyl   group  such  as  methyl,   e thy l ,   propyl ,   bu ty l ,   amyl,  e t c .  

Aromatic  r e s i d u e s   c o n s t i t u t i n g   R'  are  also  of  some  i n t e r e s t   and 

may  be  hydrocarbon  or  h e t e r o c y c l i c   r e s i d u e s ,   which  may  be  

u n s u b s t i t u t e d   or  s u b s t i t u t e d .   The  h e t e r o c y c l i c   r e s i d u e s   are  more 

gene ra l l y   l inked  through  a  carbon  atom  so  that   r e s i d u e s   such  a s  

p y r i d - 2 - y l ,   p y r i d - 3 - y l   and  pyr id -4 -y1   are  of  p a r t i c u l a r   i n t e r e s t .  

Aromatic  hydrocarbon  r e s i d u e s   such  as  phenyl  are,   however,  o f  

g r ea t e r   i n t e r e s t   and  these ,   and  also  the  h e t e r o c y c l i c   r e s i d u e s ,  

may  be  s u b s t i t u t e d   by  one  or  more  of  va r ious   types  of  g r o u p ,  

p a r t i c u l a r l y   by  s u b s t i t u e n t s   being  or  con ta in ing   a  halogen  r e s i d u e  

( r e f e r r e d   to  h e r e i n a f t e r   as  'a  halogen  s u b s t i t u e n t ' )   for  example 

chloro  and  e s p e c i a l l y   f luoro ,   and  also  halogen  s u b s t i t u t e d   a l k y l  

groups  such  as  GF3,but  also  other  s u b s t i t u e n t s   such  as  su lphonamide  

groups  which  may  o p t i o n a l l y   be  N - s u b s t i t u t e d ,   amino  groups  which 

may  be  f ree   or  s u b s t i t u t e d ,   for  example  dimethylamino,   h y d r o x y l  

groups,  methoxy  and  other  higher   alkoxy  groups  con ta in ing   a l k y l  

groups  as  de sc r ibed   above,  etc.  S u b s t i t u t i o n   may  be  p resen t   a t  

one  or  more  of  the  or tho,   meta  and  para  p o s i t i o n s   of  a  p h e n y l  

ring  or  at  a  combinat ion  of  two  or  more  of  such  p o s i t i o n s   ( i n c l u d i n g  

two  s i m i l a r   p o s i t i o n s ) ,   for  example  at  the  2  and  4  p o s i t i o n s .   The 

order  of  i n t e r e s t   in  the  p o s i t i o n   of  s u b s t i t u e n t s   depends  somewhat 

on  the  remaining  par t   of  the  s u b s t i t u e n t   group  R'  be ing  



o>m>p  in  the  case  of  a  phenoxyethyl   s u b s t i t u e n t   groups  R'  and 

O~p>  m  in  the  case  of  a  benzyl  s u b s t i t u e n t   groups  R ' .  

Also  of  i n t e r e s t ,   however,  are  groups  R'  which  a r e  

a l i p h a t i c   hydrocarbon  r e s i d u e s   s u b s t i t u t e d   d i r e c t l y   or  t h r o u g h  

a  sulphur   or  p a r t i c u l a r l y   an  oxygen  atom  by  an  aromatic   r e s i d u e .  

The  a l i p h a t i c   r e s idues   may  be  of  a  s i m i l a r   size  to  those  d e s c r i b e d  

above  but  are  p r e f e r a b l y   of  three   atoms,  p a r t i c u l a r   of  two 

atoms  and  e s p e c i a l l y   of  one  atom,  conven ien t ly   being  branched  o r  

unbranched  a lky lene   groups  such  as  methylene,   e thylene  o r  

propylene   or  cor responding   t r i v a l e n t   groups  of  s imi l a r   s i z e .  

S imi la r   aromatic   hydrocarbon  and  h e t e r o c y c l i c   r e s idues   a r e  

g e n e r a l l y   of  i n t e r e s t   for  a t tachment   to  the  a l i p h a t i c   r e s i d u e s   a s  

have  a l ready   been  descr ibed   above,  the  aromatic   h y d r o c a r b o n  

r e s i d u e s   again  gene ra l ly   being  of  more  i n t e r e s t   than  the  h e t e r o -  

cyc l i c   r e s i d u e s .   H e t e r o c y c l i c   r e s i d u e s ,   where  used,  are  however 

of  most  i n t e r e s t   when  l inked  to  the  a l i p h a t i c   hydrocarbon  r e s i d u e  

through  the  hetero   atom  such  as  in  p y r i d - 1 - y l .   S u b s t i t u t i o n   of  an 

a l i p h a t i c   hydrocarbon  r e s idue   p a r t i c u l a r l y   t e r m i n a l l y ,   by  two  o r  

even  three   aromatic   r e s idues   and/or   s u b s t i t u t i o n   through  a  s u l p h u r  

or  p a r t i c u l a r l y   an  oxygen  atom  is  of  some  cons ide rab l e   i n t e r e s t .  

In  case  of  s u b s t i t u t i o n   through  sulphur   or  oxygen,  the  a l i p h a t i c  

hydrocarbon  res idue   is  conven ien t ly   of  at  l e a s t   two  carbon  atoms 

in  the  case  of  the  semicarbazone  type  of  g r o u p i n g .  



Examples  of  s p e c i f i c   groups  R'  in  both  acylhydrazone  and 

semicarbazone  types  of  grouping  a r e : -  

wherein  n =  1,  2  or  3,  m  =  1,  2,  3,4  or  5,  and  X  =  Cl,  F  or  CF3. 

It  will   be  a p p r e c i a t e d   that   the  s t r u c t u r e s   of  the  compounds 

descr ibed   above  provide   var ious   o p p o r t u n i t i e s   for  the  o c c u r r e n c e  

of  isomerism  a l though  the  double  bond  of  the  u n s a t u r a t e d   r i n g  

system  is  of  the  Z  c o n f i g u r a t i o n .   The  s u b s t i t u e n t s   at  the  5  and  6 



p o s i t i o n s   of  the  r ing  may  be  in  the  cis  or  t rans   r e l a t i o n s h i p  

to  each  o ther ,   compounds  of  the  l a t t e r   c o n f i g u r a t i o n   b e i n g  

p r e f e r r e d .   Moreover,  as  the  ring  system  is  f u r t h e r   s u b s t i t u t e d  

by  a  d iva l en t   b r idg ing   group,  then  d i f f e r e n t   isomers  will   e x i s t  

which  vary  in  which  of  the  5-  and  6-  s u b s t i t u e n t s   is  d i s p o s e d  

in  a  s imi l a r   d i r e c t i o n   to  the  b r idg ing   group.  Isomers  o f  

p a r t i c u l a r   i n t e r e s t   are  ( i l l u s t r a t e d   for  the  s a t u r a t e d   r i n g  

s y s t e m ) :  

Where  the  f i r s t   s u b s t i t u e n t   is  a  6 - ca rboxyhex -2 -eny l   group  or  a 

group  modified  theref rom  but  s t i l l   con ta in ing   the  double  bond  t hen  

the  c o n f i g u r a t i o n   about  th i s   bond  is  p r e f e r a b l y   cis  (Z)  r a t h e r  

than  t rans   (E).  In  the  second  s u b s t i t u e n t ,   a l though  syn  and  a n t i  

isomerism  is  pos s ib l e   about  ) t=N-doub le   bonds  the  isomers  are  o f t e n  

r e a d i l y   i n t e r c o n v e r t i b l e   at  room  t empera tu re   and  ex i s t   as  a  m i x t u r e  

which  shows  b i o l o g i c a l l y   a c t i v i t y   that   may,  however,  d e r i v e  

predominant ly   from  one  isomer.  In  a d d i t i o n   to  the  f o r e g o i n g  

isomerism,  the  compounds  of  the  p resen t   i nven t ion   will  gene ra l ly   be 

r e s o l v a b l e   into  enan t iomer i c   forms  and  one  among  these  may  be 

p r e f e r r e d   by  v i r t u e   of  b i o l o g i c a l   a c t i v i t y   or  phys ica l   p r o p e r t i e s .  



Examples  of  s p e c i f i c   compounds  according  to  the  p r e s e n t  

i n v e n t i o n   a r e :  

and 

and  i t s   chloro  and  t r i f l u o r o m e t h y l   analogues ,   as  well  as  t h e  

r ing  s a t u r a t e d   analogues  of  these  compounds. 

Compounds  according  to  the  present   invent ion   may 

c o n v e n i e n t l y   be  prepared  by  using  as  a  s t a r t i n g   ma te r i a l   a 

compound  conta in ing  the  u n s a t u r a t e d   ring  system  and  hav ing  



s u b s t i t u e n t s   on  the  ring  system  which  are  s u i t a b l e   p r ecu r so r s   f o r  

those  in  the  f ina l   compound.  The  format ion  of  such  an  u n s a t u r a t e d  

b i c y c l i c   ring  system  is  conven i en t l y   e f f e c t e d   by  means  of  a  

Diels  Alder  r e a c t i o n .   Compounds  con ta in ing   the  s a t u r a t e d   r i n g  

system  are  conven ien t ly   produced  by  r e d u c t i o n   of  the  ring  double  

bond,  for  example  by  the  use  of  hydrogen  in  the  presence  of  a 

c h a r c o a l , s u c h   as  p a l l a d i u m - c h a r c o a l .   Such  r e d u c t i o n   more  u s u a l l y  

being  e f f e c t e d   p r io r   to  m o d i f i c a t i o n   of  the  s u b s t i t u e n t s .   A 

convenient   s t a r t i n g   m a t e r i a l   p rovid ing   s u i t a b l e   p r ecu r so r s   f o r  

the  f i na l   s u b s t i t u e n t s   is  a  m a l e i n a l d e h y d i c   acid  pseudo  e s t e r  

of  f o r m u l a  

wherein  Y  r e p r e s e n t s   a  hydrocarbon  r e s i d u e ,   p r e f e r a b l y   an 

a l i p h a t i c   r e s idue   such  as  methyl  or  e s p e c i a l l y   e thy l .   Fo l lowing  

r e a c t i o n   of  th is   compound  with  c y c l o p e n t a d i e n e   in  a  Diels  Alder  

r e a c t i o n ,   m o d i f i c a t i o n   of  t h e ' s u b s t i t u e n t s   provided  by  t h e  

e s t e r   is  e f f e c t e d ,   c o n v e n i e n t l y   to  give  i n i t i a l l y   a  6 - c a r b o x y -  

hex-2-eny l   group  or  a  m o d i f i c a t i o n   t h e r e o f   and  a  formyl  group,  

-CHO,  which  may  r e a d i l y   be  modified  f u r t h e r   as  d e s i r e d .  



An  example  of  such  a  procedure   is  shown  in  the  r e a c t i o n   scheme 

on  page  36  (the  numbering  of  the  compounds  co r respond ing   to  t h a t  

used  in  Example  1  and  which  has  also  been  fol lowed  in  Example  2 

for  the  r ing  u n s a t u r a t e d   analogue  and  the  fo l lowing   a b b r e v i a t i o n s  

are  employed  in  the  scheme:  Ts,  t o luene   su lphony l :   DMSO,  d ime thy l  

su lphox ide ;   Et,  e thy l :   Bu,  b u t y l ) .   The  use  of  e t h o x y c a r b o n y l  

r a t h e r   than  methoxycarboyl   groups  and  of  e thyl   r a t h e r   than  methyl  

a ce t a l   groups  has  been  found  to  be  of  value  in  th i s   p r o c e d u r e .  

In  the  f i na l   s tages   of  the  procedure   the  a c e t a l   group  of  compound 

(8)  is  conver ted   to  a  formyl  group  to  give  compound  (9)  or  

compound  (91),  and  th i s   formyl  group  is  r e a c t e d   with  a  s u i t a b l e  

r eagen t   or  r eagen t s   to  in t roduce   the  a p p r o p r i a t e   a c y l h y d r a z o n e  

or  semicarbazone  type  of  group,  the  carboxy  group  of  the  6 - c a r b o x y -  

hex -2 -eny l   group  o p t i o n a l l y   being  p r o t e c t e d   during  th i s   p r o c e d u r e  

thereby   g e n e r a l l y   giving  a  s l i g h t l y   g r e a t e r   y i e l d .  

The  i n t r o d u c t i o n   of  both  types  of  group  may  be  e f f e c t e d   by 

the  a c t i on   of  a  s u i t a b l e   reagent   e i t h e r   d i r e c t l y   with  the  formyl  

group  in  the  case  of  compounds  in  which  R  is  hydrogen  or  w i t h  

the  carbonyl   group  produced  through  the  a c t i on   of  a  Grignard  r e a g e n t  

on  the  formyl  group  (and  the  subsequent   o x i d a t i o n   of  the  s econda ry  

a lcohol   so  formed,  for  example  using  the  Jones  r e a g e n t ) ,   in  t h e  

case  of  compounds  in  which  R  is  an  a l i p h a t i c ,   a romat ic   or  a r a l i -  

pha t i c   r e s i d u e .   The  reagent   may  c o n v e n i e n t l y   take  the  form  of  a 

hydraz ide   H2N-NHCOR',  or  a  s emica rbaz ide ,   H2N-HHCONHR',  r e s p e c t i v e l y .  

As  i n d i c a t e d   above,  it  is  p o s s i b l e   e i t h e r   to  r e a c t   such  a  r e a g e n t ,  



for  example  p - f l u o r o b e n z o i c   acid  hydraz ide   or  phenyl  s e m i c a r b a z i d e ,  

with  the  compound  (9)  or  with  a  cor responding   compound  in  which 

the  carboxy  group  is  p r o t e c t e d .   Such  a  p r o t e c t e d   compound  i s  

conven ien t ly   obta ined  from  the  compound  (8),  for  example  by  r e a c t i o n  

with  diazomethane  fol lowed  by  t r ea tment   with  aqueous  acid  to  g i v e  

compound  (9 ' ) .   Following  r e a c t i o n   of  the  r eagen t   with  the  formyl  

group,  the  carboxy  group  is  d e p r o t e c t e d ,   for  example  by  de-  

e s t e r i f i c a t i o n   using  KOH/CH30H/H20.  A  s i m i l a r   choice  with  r e g a r d  

to  the  nature   of  the  5 - s u b s t i t u e n t   p resen t   in  the  r e a c t a n t   e x i s t s  

when  the  6 - s u b s t i t u e n t   is  a  group  in  which  R  is  other  than  hydrogen .  

Modi f i ca t ion   of  the  6 - ca rboxyhex -2 -eny l   group  may  be  e f f e c t e d  

through  the  i n i t i a l   i n t r o d u c t i o n   of  a  modified  group  or  by 

m o d i f i c a t i o n   of  th i s   group  during  or  at  the  end  of  the  s y t h e s i s ,  

e s t e r   formation  c o n v e n i e n t l y   being  e f f e c t e d ,   for  example  at  t h e  

stage  i nd i ca t ed   h e r e i n b e f o r e   and  amides  s i m i l a r l y   being  p r e p a r e d  

by  convent ional   p rocedures .   Indeed,  the  procedures   for  e f f e c t i n g  

the  var ious   m o d i f i c a t i o n s   i n d i c a t e d   above  will   be  apparent   from 

the  c o n s i d e r a b l e   l i t e r a t u r e   e x i s t i n g   on  p r o s t a g l a n d i n   c h e m i s t r y .  

Thus , for   example, one  convenient   route   for  the  p r e p a r a t i o n   o f  

compounds  con ta in ing   a  6 -carboxyhexyl   group  involves  in  the  ca se  

of  the  b i c y c l o L   2,  2,  1]  heptanes   a  delay  in  the  r educ t ion   s t e p  

used  to  produce  a  s a t u r a t e d   ring  u n t i l   compound  (8)  has  been  

obtained  when  s a t u r a t i o n   of  both  the  double  bond  in  the  ring  and 

that   of  the  6 - c a r b o x y h e x - 2 ' 2 - e n y l   group  may  be  e f f e c t e d .   In  t h e  

case  of  the  b icyc le   [2,  2,  1]  hep t -2Z-enes   the  c o r r e s p o n d i n g  



6 - c a r b o x y h e x y l - 5 - f o r m y l   compound  may  be  obtained  by  the  D i e l s  

Alder  r e a c t i o n   of  8 - c a r b o x y - 1 - f o r m y l - o c t - t - e n e   and  c y c l e p e n t a d i e n e  

(a  s e p a r a t i o n   of  the  t rans   isomers  ob ta ined   being  r e q u i r e d ) .  

It  will   be  a p p r e c i a t e d   tha t   the  methods  descr ibed   above  a r e  

not  the  only  ones  which  may  be  used  for  the  p r e p a r a t i o n   o f  

compounds  according  to  the  p r e s e n t   inven t ion   and  that   v a r i o u s  

a l t e r n a t i v e   p rocedures   may  be  used  as  will  be  apparent   to  t h o s e  

s k i l l e d   in  the  art   of  p r o s t a g l a n d i n   c h e m i s t r y .  

It  has  been  found  tha t   compounds  according  to  the  p r e s e n t  

inven t ion   i n h i b i t   the  a g g r e g a t o r y   a c t i v i t y   of  1 5 5 - h y d r e x y - 1 1 @ - 9 @  

(epoxyme thano ) -p ros t a -5Z ,   13E-d ienoic   ac id  11 ,   9-(epoxymethano)  PGH2] 

which  is  a  s t ab l e   TXA  mimic,  on  human  p l a t e l e t s   in  v i t r o .   It  i s  

be l i eved   that   such  i n h i b i t i o n   is  the  r e s u l t   of  the  compounds  b e i n g  

thromboxane  a n t a g o n i s t s   and  the  a c t i v i t y   of  the  compounds  is  f o r  

convenience  h e r e i n a f t e r   d i scussed   in  these  terms.  P r e f e r r e d  

compounds  according  to  the  p resen t   inven t ion   e x h i b i t   a  p u r e  

a n t a g o n i s t   a c t i v i t y .   The  r e l a t e d   compounds  descr ibed   and  c l a i m e d  

in  our  copending  a p p l i c a t i o n   of  even  date  herewi th   in  which  t h e  

grouping  =N-NHCO-(NH)  in  the  p r e s e n t   compounds  is  r ep laced   by  t h e  

grouping  =N-O-  have  been  found  to  show  a  p a r t i a l   agonis t   a c t i v i t y  

in  c e r t a i n   t e s t s ,   such  as  in  the  t e s t   based  on  the  c o n t r a c t i l e  

a c t i v i t y   of  11,  9-(epoxymethano)   PGH  on  the  r abb i t   aor ta   s t r i p ,  

a l though  they  are  a n t a g o n i s t s   in  the  p l a t e l e t   t e s t .   S t r u c t u r a l  

f e a t u r e s   which  tend  to  endow  these  compounds  with  a  more  p u r e  

a n t a g o n i s t   form  of  a c t i v i t y   are  desc r ibed   in  tha t   a p p l i c a t i o n .   I t  



has  been  found,  however,  tha t   the  compounds  of  the  p r e s e n t  

inven t ion   gene ra l ly   show  l i t t l e   tendency  to  dev ia t e   from  p u r e  

a n t a g o n i s t   a c t i v i t y .   A c t i v i t y   has  also  been  observed  in  compounds 

according  to  the  p resen t   invent ion   on  guinea  pigs  t r a c h e a l   musc l e .  

P r e f e r r e d   compounds  such as  5 - e n d o ( 6 ' - c a r b o x y h e x - 2 ' Z - e n y l ) -  

6 - e x o - ( N - p - f l u o r o b e n z a m i d o i m i n o m e t h y l ) - b i c y c l o  [ 2 ,   2,  1 ] h e p t a n e  

{  5 - e n d o ( 6 ' - c a r b o x y h e x - 2 ' - Z - e n y l ) - 6 - e x o - ( N - p - f l u o r o b e n z a m i d o -  

ca rboxa ld imine)   b i cyc lo   [ 2 ,  2 ,   1]  h e p t a n e }   and  5 - e n d o - ( 6 ' -  

c a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( N - p h e n y l u r e i d o - i m i n o m e t h y l ) - b i c y c l o  

[ 2 ,   2,  1 ]  hep tane   { 5 - e n d o - ( 6 ' - c a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( N -  

p h e n y l u r e i d o - c a r b o x a l d i m i n e ) h i c y c l o   2,  2,  1   h e p t a n e } a r e  

a n t a g o n i s t s   in  the  p l a t e l e t   t e s t ,   block  the  agg rega to ry   ac t ion   o f  

a r c h i d o n i c   acid  which  is  converted  to  TXA2  by  the  p l a t e l e t   enzyme 

system  and  may  or  may  not  block  the  aggrega to ry   ac t ion   of  ADP  which 

acts  via  non-TXA  s e n s i t i v e   systems.  Moreover,  they  are  p u r e  

a n t a g o n i s t s   in  the  r a b b i t   aor ta   s t r i p   t e s t   but  do  not  block  t h e  

c o n t r a c t i l e   ac t ion   of  n o r a d r e n a l i n e   which  acts   o n  @ - a d r e n o c e p t o r s .  

Compositions  according  to  the  present   inven t ion   are  of  i n t e r e s t  

for  the  t r ea tment   of  th rombot ic   d i so rde r s   and  also  for  t h e  

t r ea tmen t   of  a n a p h y l a c t i c   d i sease   s t a t e s ,   for  example  as  b roncho-  

d i l a t o r s   for  the  t r ea tmen t   of  asthma,  etc.  They  a d d i t i o n a l l y  

have  p o t e n t i a l   as  a n t i - i n f l a m m a t o r y   agents .   It  will   be  a p p r e c i a t e d  

tha t   the  spectrum  of  a c t i v i t y   shown  by  any  p a r t i c u l a r   compound  w i l l  

vary  and  that   c e r t a i n   compounds  may  be  of  p a r t i c u l a r   i n t e r e s t   in  

one  of  these  a p p l i c a t i o n s   whi l s t   other  compounds  are  of  p a r t i c u l a r  



i n t e r e s t   in  another   of  them.  M o d i f i c a t i o n s   of  a  compound  can 

have  other   advan tages .   Thus,  for  example,  it  has  been  found 

that   the  r ing  u n s a t u r a t e d   compounds  de sc r i bed   here in   are  u s u a l l y  

less   s t a b l e   than  the  ring  s a t u r a t e d   compounds  al though  the  l a t t e r  

have  s i m i l a r   a c t i v i t y   in  genera l .   Fur thermore   the  use  of  e s t e r s  

and  other   d e r i v a t i v e s   of  the  6 - c a r b o x y h e x - 2 - e n y l   group  can  have  

advantages   in  r e l a t i o n   to  slow  r e l e a s e   depot  p r e p a r a t i o n   t h r o u g h  

convers ion   in  vivo  to  the  ac t ive   compound  con ta in ing   a  f r e e  

carboxy  g roup , ,   a l though  the  low  water  s o l u b i l i t y   of  the  e s t e r s  

must  be  taken  account  o f .  

The  compounds  may  be  fo rmula ted   for  use  as  p h a r m a c e u t i c a l s  

for  both  animal  and  p a r t i c u l a r l y   human  a d m i n i s t r a t i o n   by  a 

v a r i e t y   of  methods,  but  u sua l l y   t o g e t h e r   with  a  p h y s i o l o g i c a l l y  

a c c e p t a b l e   d i l u e n t   or  c a r r i e r .   The  compounds  may,  for  i n s t a n c e ,  

be  app l ied   as  an  aqueous  or  oi ly   s o l u t i o n   or  suspension  or  as  an 

emulsion  for  p a r e n t e r a l   a d m i n i s t r a t i o n ,   the  composit ion  t h e r e f o r e  

p r e f e r a b l y   being  s t e r i l e   and  p y r o g e n - f r e e .   The  p r e p a r a t i o n   o f  

aqueous  s o l u t i o n s   of  compounds  in  which  the  5 - s u b s t i t u e n t   t e r m i n a t e s  

in  a  free  carboxy  group  may  be  aided  by  s a l t   format ion .   The 

compounds  may  also  be  compounded  for  oral   a d m i n i s t r a t i o n   in  t h e  

presence   of  conven t iona l   so l id   c a r r i e r   m a t e r i a l s   such  as  s t a r c h ,  

l a c t o s e ,   d e x t r i n   and  magnesium  s t e a r a t e .   A l t e r n a t i v e   f o r m u l a t i o n s  

are  as  a e r o s o l s ,   s u p p o s i t o r i e s ,   c ache t s ,   and,  for  l o c a l i s e d  

t r e a t m e n t ,   as  s u i t a b l e   creams  or  drops.   Without  comment  to  a 

r i g i d   d e f i n i t i o n   of  dosage,  which  i s . d i f f i c u l t   in  view  of  t h e  



d i f f e r e n t   l eve l s   of  a c t i v i t y ,   methods  of  f o r m u l a t i o n ,   and  methods 

of  a d m i n i s t r a t i o n ,   some  general   guidance  may  be  given.  In  t h e  

case  of  systemic  a d m i n i s t r a t i o n   to  produce  a  thromboxane  an t agon i sm 

the  normal  daily  dosage  which  is  proposed  l i e s   in  the  range  from 

about  0.1  mg  to  about  10  mg  per  ki logram  (the  average  weight  o f  

a  human  being  about  70  kg)  and  p a r t i c u l a r l y   from  about  1  mg  t o  

about  5  mg  per  k i logram.   It  will   be  a p p r e c i a t e d ,   however,  t h a t  

dosages  outs ide   t h i s   range  may  be  cons ide red ,   and  that   the  d a i l y  

dosage  may  be  divided  into  two  or  more  p o r t i o n s .  

The  invent ion   is  i l l u s t r a t e d   by  the  fo l lowing  Examples.  

The  compounds  of  the  p resen t   inven t ion   are  r e l a t e d   to  t h e  

compounds  descr ibed   and  claimed  in  our  copending  a p p l i c a t i o n   o f  

even  date  herewith  in  which  the  grouping  =N-NHCO-(NH) -  in  t h e  

p resen t   compounds  is  r ep laced   by  the  grouping  =N-O-.  F u r t h e r  

s p e c i f i c   examples  of  v a r i a t i o n s   which  may  be  e f f e c t e d   in  t h e  

common  par t s   of  the  molecule  are  to  be  found  in  that   a p p l i c a t i o n .  

Although  the  compounds  have  p redominant ly   the  isomeric  form 

i n d i c a t e d ,   some  minor  con tamina t ion   by  other   isomers,   p a r t i c u l a r l y  

the  5-endo,  6-endo  isomer,  may  be  p r e s e n t .  

The  numbering  used  for  the  s u b - s e c t i o n s   of  Example  1  is  i n  

accordance  with  that   used  in  the  r e a c t i o n   scheme  on  page 36 

of  the  s p e c i f i c a t i o n .   In  Example  2 , s u b - s e c t i o n s   r e l a t i n g   to  t h e  

analogous  ring  u n s a t u r a t e d   compounds  have  been  s i m i l a r l y   numbered. 



Example  1:  5 - e n d o - ( 6 ' - C a r b o x y h e x - 2 ' Z - e y y l ) - 6 - e x o - ( N - p - f i u o r c -  

benzamindo imonomethy l ) -b i cyc lg   [2,  2 ,  1 , ]  n e p r a h t  

(1)  Ma le ina ldehyd ic   acid  p seudo-e thy l   e s t e r  

30  g  of  r e d i s t i l l e d   f u r a n - 2 - a l d e h y d e   is  mixed  with  600  ml 

dry  e thanol   and  300  mg  of  methylene  blue  is  added.  Dry  air   i s  

blown  gent ly   through  the  so lu t i on   and  the  m a t e r i a l   is  i r r a d i a t e d  

with  a  300  W  tungs ten   lamp  for  about  two  days  u n t i l   t . l . c .   in  a 

s i l i c a   g e l / e t h e r   system  shows  e s s e n t i a l l y   no  remaining  s t a r t i n g  

m a t e r i a l .   The  s o l u t i o n   is  then  s t i r r e d   with  vanadium  p e n t o x i d e  

for  four  hours,   f i l t e r e d ,   and  the  so lvent   removed  under  r e d u c e d  

p r e s s u r e .   The  r e s i d u a l   oil  is  d i s t i l l e d   under  high  vacuum  t o  

give  the  t i t l e   compound  as  an  oil  ( 2 3 . 6 g   76%),  b.p.  90 -  920 

C/0.2mm 

(2)  Diels  Alder  r e a c t i o n   between  m a l e i n a l d e h y d i c   acid  pseudo-  

ethyl   e s t e r   and  c y c l o p e n t a d i e n e  

Fresh ly   cracked  cyc lopen t ad i ene   (9.Og)  is  mixed  with  11.Og 

of  the  pseudo  e s te r   (1).  A  gent le   warming  is  observed  and  t h e  

mixture   is  allowed  to  stand  overn ign t .   The  N.M.R.  spec t rum 

t y p i c a l l y   shows  the  format ion  of  the  adduct  (2)  to  be  comple te  

and  the  m a t e r i a l   is  taken  to  the  next  step  wi thout   p u r i f i c a t i o n .  

(3)  5 - e n d o - C a r b o x y e t h y l - 6 - e x o - d i e t h o x y m e t h y l - b i c y c l o - [ 2 ,   2,  1 ] -  

h e p t - 2 Z - e n e  

The  D ie l s -Alde r   adduct  (2)  (10  g)  is  heated  in  a  mixture  o f  

t r i e t h y l   o r t ho fo rma te   (10  ml),  dry  ethanol   (100  ml),  and 

c o n c e n t r a t e d   s u l p h u r i c   acid  (1  ml).  The  mixture   darkens  and 



a f t e r   12  hours  is  cooled  and  t r e a t e d   with  anhydrous  p o t a s s i u m  

carbona te   (5  g)  and  ether   (150  ml).  Water  is  then  slowly  added 

with  e f f i c i e n t   mixing  to  n e u t r a l i s e   the  acid.   The  product  i s  

e x t r a c t e d   with  e ther ,washed   with  water  and  d i s t i l l e d   to  give  t h e  

t i t l e   compound  as  an  oil  (7.3g,  63%,  b.p.  115 -  120 C/0.3mm. 

(4)  5 - e n d o - C a r b o x y e t h y l - 6 - e x o - d i e t h o x y m e t h y l - b i c y c l o  [ 2 ,   2,  1 ]  -  

h e p t a n e  

5 - e n d o - C a r b o x y e t h y l - 6 - e x o - d i e t h o x y m e t h y l - b i c y c l o  2 ,   2,  1 ] -  

h e p t - 2 - e n e   (30  g)  is  d i s so lved   in  200  ml  of  e thanol   and  0.3  g  o f  

10%  pa l lad ium  on  charcoal   is  added.  The  mixture   is  v i g o r o u s l y  

s t i r r e d   in  1  atmosphere  of  hydrogen  gas  at  room  t e m p e r a t u r e .  

1  molar  equ iva l en t   of  hydrogen  gas  is  absorbed  and  the  p r o d u c t  

is  then  i s o l a t e d   by  removal  of  the  c a t a l y s t   by  f i l t r a t i o n   t h rough  

a  Ce l i t e   pad,  followed  by  evapo ra t i on   of  the  f i l t r a t e   to  give  a 

q u a n t i t a t i v e   y ie ld   of  the  t i t l e   compound  as  an  oil   b.p.  1 0 5  -  

110°C/1.5  mm. 

(5)  5 - e n d o - H y d r o x y m e t h y l - 6 - e x o - d i e t h o x y m e t h y l - b i c y c l o  [ 2 ,   2 ,  1 ] -  

h e p t a n e  

The  e s te r   (4)  (27g)  is  added  in  e ther   to  a  10%  excess  o f  

l i t h ium  aluminium  hydride  (2.1g)  in  e ther   with  s t i r r i n g   a t  

r e f l ux   t empera tu re .   The  mixture  is  bo i l ed   for  1  hour  a f t e r   t h e  

a d d i t i o n   and  is  then  quenched  by  the  a d d i t i o n   of  wet  e t h e r  

fol lowed  by  5%  aqueous  sodium  hydroxide  to  p r e c i p i t a t e   aluminium 

s a l t s ,   The  c o l o u r l e s s   organic   phase  is  dr ied  over  magnesium 

s u l p h a t e ,   f i l t e r e d   and  evapora ted   to  give  the  t i t l e   compound  a s  

an  oil  (20g,  91%). 



(6)  5 - e n d o - C y a n o m e t h y l - 6 - e x o - d i e t h o x y - b i c y c l o   [2 ,   2.  1 ]  h e p t a n e  

The  a lcohol   (5)  (20g)  in  a  minimum  volume  of  dry  p y r i d i n e   i s  

added  slowly  to  20g  of  p - t o l u e n e s u l p h o n y l   ch lo r ide   in  130  ml  d ry  

p y r i d i n e   with  s t i r r i n g   at  0°C.  The  mixture  is  kept  at  5°C  o v e r -  

n igh t   and  then  poured  into  a  w a t e r - i c e   mix ture .   The  r e s u l t i n g  

p r e c i p i t a t e   is  f i l t e r e d   off  and  dried  to  give  the  t o s y l a t e   e s t e r  

of  the  alcohol   in  85%  yie ld   as  an  o f f - w h i t e   s o l i d ,   mp  84 -  86°C 

( d e c . ) .  

The  t o s y l a t e   (14g)  in  15  ml  dimethyl   su lphoxide   is  added  t o  

5g  of  dry  potassium  cyanide  in  20  ml  dimethyl  su lphoxide .   The 

mix ture   is  s t i r r e d   under  n i t r o g e n   and  the  t empera tu re   s l o w l y  

r a i s e d   over  1  hour  to  110°C.  After  5  hours  the  r e a c t i o n   m i x t u r e  

is  cooled  and  poured  into  water .   The  product   is  i s o l a t e d   by 

e ther   e x t r a c t i o n ,   and  p u r i f i e d   by  d i s t i l l a t i o n   to  give  the  t i t l e  

compound  (7.8  g,  90%),  b.p.  115 -  126 C/1.5   mm. 

(7)  6 - e x o - D i e t h o x y m e t h y l - b i c y c l o   [2,  2,  1]  h e p t a n e - 5 - e n d o - m e t h y l -  

c a r b o x a l d e h y d e  

The  cyano  compound  (6)  (20  g)  is  s t i r r e d   at  -15°C  in  200  ml 

dry  to luene   under  n i t r o g e n .   D i - i s o b u t y l a l u m i n i u m   hydride  (113  ml 

of  a  1M  s o l u t i o n   in  hexane)  is  added  to  the  s u b s t r a t e   over  25 

minutes   and  the  mixture  allowed  to  reach  room  t empera tu re .   A f t e r  

1  hour,   methanol  (30  ml)  is  c a u t i o u s l y   added,  followed  by  400  ml 

of  s a t u r a t e d   aqueous  sodium  hydrogen  t a r t r a t e .   The  mixture  i s  

s t i r r e d   and  heated  at  40°C  for  2  hours .   The  upper  organic   l a y e r  

is  s epa ra t ed   and  the  aqueous  phase  f u r t h e r   e x t r a c t e d   with  e t h y l  



a c e t a t e .   The  combined  organic   s o l u t i o n s   are  dried  (Mg  SO4)  and 

the  so lvent   removed  to  give  a  yellow  oi l .   This  is  ch romatographed  

on  F l o r i s i l   in  benzene  to  give  the  pure  t i t l e   compound  as  a 

c o l o u r l e s s   oil  (17.2g,   85%)  ( f i lm) :   1725  cm-1 

(8)  5 - e n d o - ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - d i e t h o x y m e t h y l - b i c y c l o  

[ 2 ,   2,  1]  h e p t a n e  

( 4 - c a r b o x y - n - b u t y l ) - t r i p h e n y l p h o s p h o n i u m   bromide  (23.3g)  i s  

dried  at  75°C  under  vacuum  for  2.5  hours.  The  r e s u l t i n g   w h i t e  

sol id   is  then  cooled,  the  vacuum  r e l eased   to  dry  n i t r o g e n ,   and 

30  ml  of  dimethyl  su lphoxide   is  added.  A  2M  s o l u t i o n   of  d imesyl  

sodium  in  dimethyl  su lphoxide   (50  ml)  is  added  slowly  while  t h e  

mixture  is  main ta ined   at  25°C  with  a  water  bath.  After  15  m i n u t e s  

the  aldehyde  (7)  (5.0g)  is  added  to  the  deep  red  y l ide   t h u s  

produced.  The  mixture   is  s t i r r e d   overnight   and  then  the  s o l v e n t  

is  removed  at  55-60 C  under  vacuum.  The  res idue   is  d i s s o l v e d  

in  water,   and  the  aqueous  phase  is  ex t r ac t ed   with  e ther   and  t h e n  

c a r e f u l l y   a c i d i f i e d   to  pH4  with  2N  HC1.  The  p r e c i p i t a t e   i s  

e x t r a c t e d   into  e ther   and  the  e t h e r e a l   so lu t ion   is  dried  and 

concen t r a t ed   to  give  the  t i t l e   compound  as  an  o i l ( 3 . 7 g ,   55%). 

(9)  5 - e n d o - ( 6 ' - C a r b o x h e x - 2 ' Z - e n y ) - 6 - e x o - f o r m y l - b i c y c l o   [2,   2,  11 

h e p t a n e  

The  acid  ace t a l   (8)  (1.8g)  is  d i sso lved   in  200  ml  c h l o r o f o r m  

and  50  ml  of  c o n c e n t r a t e d   h y d r o c h l o r i c   acid  is  added  to  form  a 

two  phase  system.  The  mixture  is  v igorous ly   s t i r r e d   for  90 

minutes  and  is  then  e x t r a c t e d   with  ether  and  the  e t h e r e a l   s o l u t i o n  



dried  and  c o n c e n t r a t e d .   The  r e s i d u a l   oil  is  p u r i f i e d   by  s i l i c i c  

acid  chromatography,   the  oil  being  appl ied   to  the  column  ( p r e p a r e d  

by  s l u r r y i n g   10g  of  Unis i l   s i l i c i c   ac id  -   Clarkson  Chemical  Co . ,  

USA -  in  hexane  and  pouring  into  a  g lass   chromatography  column) 

in  hexane  and  e l u t i o n   being  c a r r i e d  o u t   with  i n c r e a s i n g   p r o p o r t i o n s  

of  d ie thy l   e ther   in  hexane  up  to  pure  d ie thy l   e ther .   The 

chromatography  gives  the  t i t l e   compound  as  a  c o l o u r l e s s   o i l  

( 1 . 4 g ,  8 3 % ) ,  ( f i l m )   757,1715  (broad),   2700  cm-1;  δ (90  mHz,  

CDC13)  1.2  to  2.6  (18H,m),  5.4  t2H,m),  9.6  (1H,d ) .  

Note:  Care  should  be  taken  to  avoid  contac t   of  th is   compound 

with  methanol  s ince  it  very  r e a d i l y   forms  a  dimethyl  a c e t a l .  

(10)  5 - e r d o - ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( N - p - f l u o r o b e n z a m i d o ) -  

i m i n o m e t h y l ) - b i c y c l o   [2,  2,  1]  h e p t a n e  

The  aldehyde  acid  (9)  (100  mg)  is  heated  with  p - f l u o r o b e n z o i c  

acid  hydraz ide   (40  mg)  in  t e t r a h y d r o f u r a n   (5  ml)  for  1.5  h o u r s  

at  40 C.  The  so lven t   is  then  evaporated  and  the  r e s i d u a l   oil  i s  

p u r i f i e d   by  s i l i c i c   acid  chromatography,   the  oil   being  appl ied   t o  

the  column  (which  is  p repared   by  s l u r r y i n g   10g  of  Unis i l   s i l i c i c  

ac id  -   Clarkson  Chemical  Co.,  USA -  in  hexane  and  pouring  i n t o  

a  glass   chromatography  column)  in  hexane  and  e l u t i o n   b e i n g  

ca r r i ed   out  with  i n c r e a s i n g   p r o p o r t i o n s   of  d ie thy l   e ther   i n  

hexane  up  to  pure  d i e thy l   e ther .   The  chromatography  gives  t h e  

t i t l e   compound  as  an  oi l   (27  mg)  which  is  not  r e a d i l y   s o l u b l e  

in  e the r ,   λ  max (CH3OH)  254  nm,  εmax  12,350.  The  methyl  e s t e r  

t r i m e t h y l s i l y l   e ther   d e r i v a t i v e   runs  as  a  s ing le   peak  on  gas  

chromatography  mass  spec t roscopy   and  has  M+  472.  



The  p - f l u o r o b e n z o i c   acid  hydrazide   is  p repared   as  f o l l o w s .  

Ethyl  p - f l u o r o b e n z o a t e   (8.4  g)  is  r e f luxed   with  hydraz ine   h y d r a t e  

(3.75  g)  for  3  hours.   The  mixture  is  then  cooled,  e ther   is  added 

and  the  p r e c i p i t a t e   of  p - f l u o r o b e n z o i c   acid  hydraz ide   (3.2  g)  i s  

removed  by  f i l t r a t i o n ,   washed  with  e ther   and  d e s i c c a t e d ,   m.p. 

149 -  151°C. 

Example  2:  5 - e n d o - ( 6 ' . - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( N - p - f l u o r o -  

b e n z a m i d o - i m i n o m e t h y l ) - b i c y c l o  [ 2 ,   2,  1 ]  h e p t - 2 Z - e n e  

(1),  (2),  (3)  5 - e n d o - c a r b o x y e t h s l - 6 - e x o - d i e t h o x w m e t h y l - b i c y c l o -  

[2 ,   2,  1]  - h e p t - 2 Z - e n e  

Male ina ldehyd ic   acid  pseudo-e thyl   e s t e r   is  prepared  a s  

desc r ibed   in  Example  1  (1)  and  r eac ted   with  c y c l o p e n t a d i e n e   in  a 

Diels  Alder  r e a c t i o n   as  descr ibed   in  Example  1  (2).  The  D i e l s  

Alder  adduct  is  t r e a t e d   with  ethanol  under  a c id i c   c o n d i t i o n s  

as  descr ibed   in  Example  1  (3)  to  give  5 - e n d o - c a r b o x y - e t h y l - 6 - e x o -  

d i e t h o x y m e t h y l - b i c y c l o   [ 2 , 2 , 1 ]   -hep t -2Z-ene   ( 3 ) .  

(5)  5 -endo-Hydroxymethy l -1-6-exo-d ie thoxymethy l -b icyc lo   [2,  2,  1] 

h e p t - 2 Z - e n e  

The  e s te r   (3)  is  added  in  ether  to  l i t h ium  aluminium  h y d r i d e  

(10%  excess)   in  e ther   with  s t i r r i n g   at  r e f lux   t empera tu re .   A f t e r  

the  a d d i t i o n ,   the  mixture  is  boi led  for  a  f u r t h e r   1  hour.  The 

r e a c t i o n   is  quenched  with  wet  ether  and  then  5%  aqueous  sodium 

hydroxide  to  p r e c i p i t a t e   aluminium.  The  c o l o u r l e s s   organic  phase  

is  f i l t e r e d ,   dried  over  anhydrous  potassium  ca rbona te ,   and  t h e  

r e s u l t i n g   alcohol   (85 -  90%  y ie ld)   used  d i r e c t l y   in  the  next  s t a g e .  



(6)  5 - e n d o - C y a n o m e t h y l - 6 - e x o - d i e t h o x y m n e t h y l - b i c y c l o  [ 2 ,   2,  1]  

h e p t - 2 Z - e n e  

The  alcohol  (5)  (7g)  in  15  ml  dry  p y r i d i n e   is  added  s l o w l y  

at  O°C  to  p - t o l u e n e s u l p h o n y l   c h l o r i d e   (7.5g)  in  p y r i d i n e   (45  m l ) .  

The  mixture  is  kept  ove rn igh t   at  10°C  and  then  quenched  by 

pouring  over  ice  with  v igorous   shaking.   The  product   is  e x t r a c t e d  

with  e the r ,   washed  c o n s e c u t i v e l y   with  water,   0.1  M  sodium  c a r b o n a t e  

and  b r ine ,   and  then  dried  (K2CO3)  and  the  so lven t   removed  t o  

give  the  t o s y l a t e   e s t e r   of  the  a lcohol   as  a  c o l o u r l e s s   oil  i n  

high  y i e l d .  

The  t o s y l a t e   e s t e r   (12  g)  in  dimethyl  su lphoxide   (15  ml)  i s  

added  with  s t i r r i n g   to  potass ium  cyanide  (3  g)  in  d ime thy l  

su lphoxide   (20  ml).  The  mixture   is  heated  to  100°C  unde r  

n i t r o g e n   for  6  hours  and  is  then  cooled,  poured  into  water  and 

the  product   taken  into  e the r .   The  so lvent   is  removed  and  t h e  

r e s idue   d i s t i l l e d   to  give  t i t l e   compound  as  an  oil  (6.6  g,  88%), 

b.p.  112-124°C/1.8mm. 

(7)  6 - e x o - D i e t h o x y m e t h y l - b i c y r c l o  [ 2 ,   2,  
1 ]  h e p t - 2 Z - e n - 5 - e n d o -  

b i c y c l o [ 2 ,  2 ,   1  ] h e p t - 2 Z - e n e  

( 4 - C a r b o x y l - n - b u t y l ) - t r i p h e n y l p h o s p h o n i u m   bromide  (7.0g)  i s  

dried  at  75°C  under  vacuum  for  90  minutes.   The  white  so l id   i s  

cooled,  the  vacuum  is  r e l e a s e d   to  dry  n i t r o g e n   and  10  ml  o f  

dimethyl  sulphoxide   (10  ml)  is  added  fol lowed  by  15  ml  of  a  2M 

s o l u t i o n   of  dimesyl  sodium  in  dimethyl  su lphox ide .   The  t e m p e r a t u r e  

is  main ta ined   at  25°C  and  the  aldehyde  (6)  (1.5g)  is  added  to  t h e  

deep  red  yl ide  s o l u t i o n .   After   s t i r r i n g   ove rn igh t   the  solvent  i s  



removed  at  55-60°C  under  vacuum.  The  res idue   is  d i s so lved   i n  

water,  e x t r a c t e d   with  e ther ,   and  the  aqueous  phase  c a r e f u l l y  

a c i d i f i e d   to  pH  4  with  2N  HC1.  The  mixture  is  e x t r a c t e d   w i t h  

ether   and  the  e t h e r e a l   s o l u t i o n   dried  and  concen t ra ted   to  g i v e  

the  t i t l e   compound  as  an  oil  (1.34g,  66%). 

(9')  5-endo-6  - M e t h o x y c a r b o n y l h e x - 2 ' Z - e n y l ) - 6 - e x o - f o r m y l -  

b i c y c l o  [ 2 ,   2,  1]  h e p t - 2 Z - e n e  

The  acid  ace ta l   (8)  (5g)  in  e ther   is  t r e a t ed   with  e x c e s s  

e the rea l   diazomethane  to  form  the  methyl  es te r   and  then  t h e  

ketal   p r o t e c t i n g   group  is  removed  by  d i s so lv ing   the  compound  i n  

215  ml  chloroform  and  adding  c o n c e n t r a t e d   hyd roch lo r i c   acid  (55  ml) 

to  form  a  two-phase  system,  The  mixture  is  v igorous ly   s t i r r e d  

for  90  minutes ,   the  r e a c t i o n   being  followed  by  g . l . c .   to  check 

on  complet ion.   The  mixture  is  e x t r a c t e d   with  ether  and  t h e  

e the r ea l   s o l u t i o n   dried  and  c o n c e n t r a t e d   t o  g ive   the  t i t l e  

compound  as  an  oil  (3.38g,  9 0 % )  

(10')  5 - e n d o - ( 6 ' - M e t h o x y c a r b o n e x - 2 ' Z - e n y l ) - 6 - e x o - ( N - p - f l u o r o -  

b e n z a m i d o i m i n o m e t h y l - b i c c y c l o  [ 2 ,   2 ,  1]   h e p t - 2 Z - e n e  

The  aldehyde  e s t e r   (9')  (100  mg)  is  heated  with  p - f l u o r o -  

benzoic  acid  hydraz ide   (40  mg)  in  t e t r a h y d r o f u r a n   (5  ml)  f o r  

1.5  hours  at  40°C  The  so lvent   is  then  evaporated  and  t h e  

r e s i d u a l   oil  is  p u r i f i e d   by  s i l i c i c   acid  chromatography,  the  o i l  

being  appl ied   to  the  column  (which  is  prepared  by  s l u r r y i n g   10g 

of  Unis i l   s i l i c i c   a c i d  -   Clarkson  Chemical  Co.,  USA -  in  

hexane  and  pouring  into  a  g lass   chromatography  column)  in  hexane  



and  e l u t i o n   being  c a r r i e d   out  with  i n c r e a s i n g   p r o p o r t i o n s   o f  

diethyl   e the r   in  hexane  up  to  pure  d i e thy l   e the r .   The  chroma- 

tography  gives  the  t i t l e   compound  as  an  o i l ;   M.S. 

(10)  5 - e n d o - ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( N - p - f l u o r o b e n z a m i d o -  

iminomethyl)   - b i c y c l o [ 2 , 2 , 1 ]   h e p t - 2 Z - e n e  

Ester   c leavage   in  compound  (10')   is  e f f e c t e d   by  hea t ing   i n  

aqueous  methanol  with  potassium  hydroxide  (0.1  N)  for  3  hours  a t  

40°C.  The  product   is  again  p u r i f i e d   by  s i l i c i c   acid  chroma- 

tography,   using  a  10g  Unis i l   s i l i c   acid  column  made  up  in  hexane  

and  e l u t i n g   with  i n c r e a s i n g   p r o p o r t i o n s   of  d ie thy l   ether  i n  

hexane  up  to  pure  d i e t h y l   e ther .   The  chromatography  gives  t h e  

t i t l e   compound  as  an  o i l .  

Example  3'  5 - e n d o - ( 6 ' - C a r b o x y - 2 ' Z - e n y l ) - 6 - e x o - ( N - p h e n y l u r e i d o -  

i m i n o m e t h y l ) - b i c y c l o   [ 2 , 2 , 1 ]   h e p t a n e  

5 - e n d o - ( 6 ' - c a r b o x y n e x - 2 ' Z - e x o - f o r m y l - b i c y c l o   [ 2 , 2 , 1 ]   h e p t a n e  

[100  mg;  p repa red   as  descr ibed   in  Example  1 (9)]  i s  h e a t e d   w i t h  

phenyl  s e m i c a r b a z i d e   (80  mg)  in  t e t r a h y d r o f u r a n   for  2  hours  a t  

40°C.  The  so lven t   is  then  evapora ted   and  the  r es idue   p u r i f i e d  

by  s i l i c i c   acid  chromatography as   desc r ibed   under  Example  1  (10) 

followed  by  l i q u i d - g e l   p a r t i t i o n   chromatography  using  a  400  x 

15  mm  column  of  Sephadex  LH2O  s u b s t i t u t e d   with  Nedox  1114  o l e f i n  

oxide  to  20%  w/w  and  eluding  with  d i c h l o r o e t h a n e / h e x a n e / e t h a n o l  

(100 100:5  v /v /v )   c o n t a i n i n g   0.1%  v/v  of  a c e t i c   acid  at  a  f l o w  

rate   of  12  ml /hour .   The  chromatography  gives  the  t i t l e   compound 

as  an  oil  (64  mg) ·λ   
max  (GH3OH)  248  nm. ε  

max  17 ,700 .  



The  phenyl  s emica rbaz ide   is  prepared  as  fo l lows.   E t h y l - K -  

phenyl  carbamate  (8.25g)  is  r e f luxed   with  hydrazine   h y d r a t e  

(3.75  g)  for  3  hours.  The  mixture  is  evaporated  to  dryness  and 

the  r es idue   is  t r e a t e d   with  e ther ,   and  the  sol id  phenyl  semi-  

carbazide   (1.5  9)  is  f i l t e r e d   off,   washed  with  ether  and 

d e s s i c a t e d ,   m.p.  122 -  124°C. 

Example  4.  5 ' e n d o - ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l  ) - 6 - e x o - ( N - p - f l u o r o -  

b e n z a m i d o - 1 ' - z m m o e t h y l ) - b z c y c l o  [ 2 . 2 .   1]  h e p t a n e  

and  5 - e n d o ( 6 ' - c a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( N - p -  

f l u o r o b e n z a m i d o - @ - i m i n o b e n z y l ) - b i c y c l o   [ 2 . 2 . 1 ]   h e p t a n e  

A  (1)  5 - e n d o ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( 1 ' - h y d r o x y -  

e thyl)   b i c y c l o [ 2 .   2.  11  h e p t a n e  

5 - e n d o - ( 6 ' - c a r b o x w h y x - 2 ' Z - e r y l ) - 6 - e x o - f o r m y l   b icyclo   [ 2 . 2 . 1 . ]  

heptane  is  prepared  as  desc r ibed   in  Example  1  (9).  This  a ldehyde  

(250  mg.  1  mmole)  is  d i s s o l v e d   in  dry  t e t r a h y d r o f u r a n   (10  ml)  a t  

O°C  and  t r e a t ed   under  n i t r o g e n   and  with  s t i r r i n g   over  30  minu te s  

with  a  1M  so lu t ion   of  methyl  magnesium  iodide  in  e ther   (2  ml ) .  

The  mixture  is  s t i r r e d   under  n i t rogen   overnight   whi ls t   it  i s  

allowed  to  come  to  room  t empe ra tu r e .   The  r e a c t i o n   is  then  

quenched  by  the  a d d i t i o n   of  d i l u t e   aqueous  h y d r o c h l o r i c   acid  and 

the  product  is  e x t r a c t e d   witn  ether  (3x).  the  e ther   so lu t ion   i s  

dried  and  evaporated  to  give  the  t i t l e   compound  as  an  o i l  

(200  mg).  A  small  sample  is  t r e a t e d   to  form  the  methyl  e s t e r  

t r i m e t h y l s i l y l   etner  and  on  gas  chromatography  mass  s p e c t r o s c o p y  

on  a  3%  OV1  column  th i s   shows  a  carbon  value  of  18.2,  a  M  va lue  

of  352  and  a  base  peak  of  117. 



Chromatography  on  a  column  of  Sephadex  LH  20  s u b s t i t u t e d   w i t h  

Nedox  1114  o l e f i n   oxide  to  20%  w/w  (Lipidex)   of  the  bulk  of  t h e  

oi ly  product   using  a  mixture  of  (a l l   p r o p o r t i o n s   by  volume)  100 

par t s   of  hexane,  100  pa r t s   of  1 , 2 - d i c h l o r o e t h a n e ,   5  pa r t s   o f  

ethanol   and  0.1%  of  the  t o t a l   of  g l a c i a l   a c e t i c   acid,   as  e l u a n t  

y i e ld s   the  two  i somer ic   secondary  a l coho l s   d i f f e r i n g   in  t h e  

c o n f i g u r a t i o n   at  the  newly  in t roduced   asymmetric  carbon  atom 

(-CHOH.CH3).  Nmr  spec t roscopy   on  these  i someric   products   i n  

CDCI3  gives  the  f o l l o w i n g  δ   valuess  F i r s t   isomer  e l u t e d :  

7.3  (s.  broad,  1H,  OH);  5.45  (m.,  2H.  o l e f i n i c   H);  3.6  (m-qxd: 

1H.  -CHOH).  2 . 5 - 1 . 0   (m;,  21.H.  a l i p h a t i c   H).  1.2  (d,  CH3 

d i s c e r n i b l e ) .  

Second  isomer  e lu t ed :   7.8  (s.  broad,  1H,  OH);  5.4  (m.,2H, 

o l e f i n i c   H);  3.55  (m-qxd,  1H-CHOH);  2 . 5 - 1 . 0   ( m , 1 8 H , a l i p h a t i c   H); 

1.2  (d,  CH3  d i s c e r n i b l e ) .  

(2)  5 - e n d o ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - a c e t y l - b i c y c l o   [ 2 , 2 . 1 ]  

h e p t a n e  

The  p rocedure   desc r ibed   under  (1)  is  r e p e a t e d   with  600  mg 

of  the  a ldehyde  to  give  a  mixture  of  the  two  i somer ic   a l c o h o l s  

(500  mg).  This  mixture   is  d i s so lved   in  pure  acetone  (15  ml)  and 

the  s o l u t i o n   is  cooled  to  O°C.  Jones  reagent   (600µ  o f   a 

s o l u t i o n   p repared   by  d i s s o l v i n g   26.7  g  of  chromic  anhydride  in  

23  ml  of  c o n c e n t r a t e d   s u l p h u r i c   acid  and  d i l u t i n g   to  100  ml  w i t h  

water,   fol lowed  by  f i l t r a t i o n )   is  added  slowly  to  the  coo l ed  

s o l u t i o n   with  v igorous   s t i r r i n g   over  15  minutes .   After  a  f u r t h e r  



10  minutes  s t i r r i n g   at  0°C  the  mixture  is  poured  into  water  and 

the  product  e x t r a c t e d   with  e ther .   The  e ther   so lu t ion   is  dried  and 

evapora ted   to  give  the  t i t l e   compound  as  an  oil  (about  75%  o v e r a l l  

y ie ld   from  formyl  compound).  G.C.M.S.  (3%  OVI)  on  the  methyl  

e s t e r   gives  a  carbon  value  of  17.15,  a M+  value  of  278  and  a 

base  peak  of  43/137.  Nmr  spec t roscopy   in  CDCl3  gives  t h e  

fol lowing  δ  v a l u e s .  

10.0  (s  -broad,   1H,  COOH);  5.4  (m,2H,  o l e f i n i c   H);  2 . 8 - 1 . 1  

(m  21H,  a l i p h a t i c   H);  2.2  (s,  CH3-CO,  d i s c e r n i b l e ) .  

(3)  5 - e n d o - ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( N - p - f l u o r o b e n z a m i d o -  

1 ' - i m i n o e t h y l ) - b i c y c l o   [ 2 , 2 . 1 ]   h e p t a n e  

The  ketone  (2)  is  r eac ted   with  p - f l u o r o b e n z o i c   acid  h y d r a z i d e  

in  dry  py r id ine   according  to  the  procedure  descr ibed   in  Example  1 

(10)  and  the  r e a c t i o n   mixtures   worked  up  as  descr ibed   t he re in   t o  

give  the  t i t l e   compound. 

B  (1)  5 - e n d o - ( 6 ' - C a r b o x y h e x - 2 ' Z - e m y l ) - 6 - e x o - (  @-hydroxybenzy l -  

b i c y c l o   [ 2 , 2 , 1 ]  h e p t a n e  

5 - e n d o - ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - f o r m y l - b i c y c l o   [ 2 , 2 , 1 ]  

heptane  is  prepared  as  descr ibed   in  Example  1(9).  This  a l dehyde  

(800  mg)  is  r eac ted   with  2  e q u i v a l e n t s   of  phenyl  magnesium  bromide  

in  a  s imi l a r   manner  to  that  descr ibed   above  for  the  r e a c t i o n   wi th  

methyl  magnesium  bromide.  The  t i t l e   compound  is  obtained  as  a 

mixture  (900  mg)  of  the  two  isomeric  secondary  a lcohols   d i f f e r i n g  

in  the  c o n f i g u r a t i o n   at  the  newly  in t roduced   carbon  atom  (-CHOH.C6 

H5).  Gas  chromatography  mass  spec t roscopy   on  the  methyl  e s t e r  



t r i m e t h y l s i l y l   e the r   d e r i v a t i v e   of  a  small  sample  of  the  m i x t u r e  

of  a l coho l s   on  a  3%  OVI  phase  at  230°C  gives  a  carbon  v a l u e  

( e q u i v a l e n t   carbon  value  r e l a t i v e   to  r e t e n t i o n   time  of  methy l  

e s t e r s   of  s t r a i g h t   chain  f a t t y   ac ids)   of  about  22,  the  peak  b e i n g  

broad  due  to  a  p a r t i a l   s e p a r a t i o n   of  the  isomers,   a  M  value  o f  

414  with  a  major  ion  (M-90)  at  324  and  a  base  peak  of  179  (C6H5CH- 

OTMS).  A  n .m . r .   spectrum  of  the  mixture  of  a l coho l s   in  CDC13 

gives  the  fo l lowing   6  va lues :   7.3  (m,5H,  aromat ic   H),  5 . 4 - 5 . 0  

(m,  4H,  o l e f i n i c   H),  4 . 4 - 4 . 2   (d,  1H,  CHOH),  2 . 6 - 1 . 0   (m,  18H, 

a l i p h a t i c   H) .  

(2)  5 - e n d o ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - b e n z o y l - b i c y c l o   [ 2 , 2 , 1 ]  

h e p t a n e  

The  mixture   of  the  two  isomeric   a l coho l s   (1)  (900  mg)  i s  

d i s so lved   in  pure  acetone  (15  ml)  and  the  s o l u t i o n   is  cooled  t o  

0°C.  The  s o l u t i o n   is  then  t r e a t e d   with  Jones  reagent   (1  ml,  

prepared  as  d e s c r i b e d   above)  and  ox ida t i on   of  the  a lcohol   e f f e c t e d  

according  to  the  procedure   descr ibed   above  to  give  the  t i t l e  

compound  as  an  o i l .   (~75%  from  formyl  compound).  G.c .m.s .   on  t h e  

methyl  e s t e r   d e r i v a t i v e   of  a  small  sample  of  t h e ' k e t o n e   on  a  3% 

OVI  phase  at  240 C  gives  a  carbon  value  of  23.65,  a  M+  value  o f  

340  with  a  major  ion  a t ' 105   (C6H5CO+)  and  a  base  peak  (M-141)  a t  

199.  A  n .m. r .   spectrum  of  the  ketone  in  CDC13  gives  the  f o l l o w i n g  

δ  v a l u e s :   8 . 1 - 7 . 9   (m,  2H,  ortho  aromat ic   H),  7 .6 -7 .1   (m,  4H, 

meta  and  para  a romat ic   H),  5.3  (m,  2H,  o l e f i n i c   H),  2 . 8 - 1 . 1  

(m,  18H,  a l i p h a t i c   H)  and  an  i . r .   spectrum  (fi lm)  give  v  v a l u e s  

as  fo l lows:   1730  (sh),   1705,  1675,  1595  and  1575  cm-1. 



(3)  5 - e n d o ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - ( N - p - f l u o r o b e n z a m i d o -  

a  - i m i n o b e n z y l ) - b i c y c l o   [ 2 , 2 , 1 ]   h e p t a n e  

The  ke tone(2)   is  r eac ted   with  p - f l u o r o b e n z o i c   acid  h y d r a z i d e  

in  dry  py r id ine   according  to  the  procedure  descr ibed   in  Example  1 

(10)  and  the  r e a c t i o n   mixture  is  worked  up  as  descr ibed   t h e r e i n  

to  give  the  t i t l e   compound. 

Note:  In  a  v a r i a t i o n   of  the  procedure  descr ibed   above  t h e  

r e a c t i o n s   with  p - f l u o r o b e n z o i c   acid  hydrazide   in  p y r i d i n e  

under  (3)  is  r ep laced   by  r e a c t i o n   with  phenyl  semicarbaz ide   in  

t e t r a h y d r o f u r a n   as  descr ibed   in  Example  3  to  give  t h e  

co r respond ing   compounds  con ta in ing   a  6 - e x o - ( N - p h e n y l u r e i d o - 1 ' -  

iminoe thy l )   or  6 - e x o - ( N - p h e n y l u r e i d o - @ - i m i n o b e n z y l )   s u b s t i t u e n t .  

Example  5:  5 - e n d o ( 6 ' - C a r b o x y h e x - 2 ' Z - e n y l )   b icyc lo   [ 2 , 2 , 1 ]  

heptanes   con ta in ing   other  6-exo  s u b s t i t u e n t s  

The  a d d i t i o n a l   compounds  of  fo rmula  

l i s t e d   in  Table  1  below  are  prepared  as  descr ibed  in  Example  1 

using  the  a p p r o p r i a t e   hydraz ide .   For  the  purposes  of  compar ison  

data  on  the  compounds  of  Examples  1  and  3  has  also  been  i n c l u d e d  

in  th is   t a b l e .   The  free  acids  may,  if  des i red ,   be  converted  t o  

the  methyl  e s t e r s   by  so lu t i on   in  methanol,  using  warming  and  t h e  



a d d i t i o n   of  NaHCO3  as  neces sa ry ,   fol lowed  by  the  a d d i t i o n   o f  

an  excess  of  e t h e r e a l   diazomethane  to  the  methanol ic   s o l u t i o n ,  

s t a n d i n g ,   and  the  removal  of  the  s o l v e n t .  

The  UV  data  r e l a t e s   to  the  main  peak(s)   of  the  spectrum  i n  

methanol  and  the  MS  data  r e l a t e s   to  va lues   ob ta ined   by  d i r e c t  

i n l e t .  



K.m.r.  data  on  the  ma jo r i t y   of  the  compounds  of  Table  1  i s  

p resented   in  Table  2  below.  All  of  the  values  r e l a t e   to  CDCl3 

so lu t ion   and  are  r e f e r r e d   to  (CH3)4 Si.  The  term  "ca rb imino  

proton"  is  used  to  i d e n t i f y   that   proton  a t t ached   to  the  c a rbon  

atom  joined  to  the  6 - p o s i t i o n   of  the  ring  whi ls t   the  term 

"hydrazono  proton"  is  used  to  i d e n t i f y  t h e   proton  of  the  =N-NH- 

group.  



(1)  The  hydraz ino   proton  is  always  broad  and  in  some  c a s e s  

the  broadening   is  such  that  the  signal   cannot  be  d e t e c t e d .  

Example  6:  5 - e n d o - ( 6 ' - C a r b o x y h e x y l ) - 6 - e x o - ( N - p h e n y l u r e i d o -  

i m i n o m e t h y l ) - b i c y c l o   [ 2 , 2 , 1 ]   h e p t a n e  

(1)  5 - e n d o - ( 6 ' - C a r b o x y h e x y l ) - 6 - e x o - f o r m y l - b i c y c l o  [ 2 , 2 , 1 ]   h e p t a n e  

5 - e n d o - ( 6 ' - c a r b o x y h e x - 2 ' Z - e n y l ) - 6 - e x o - d i e t h o x y m e t h y l -  

b i c y c l o  [ 2 , 2 , 1 ]   heptane  is  prepared  as  d e s c r i b e d   in  Example  1 ( 8 ) .  

This  a c i d / a c e t a l   (300  mg)  is  s t i r r e d   with  10%  pa l lad ium  c h a r c o a l  

(50 mg)  in  a b s o l u t e   ethanol   (10 ml)  for  30  minutes   w h i l s t  

c o n t i n u o u s l y   pass ing   hydrogen  gas  through  the  suspens ion .   The 

c a t a l y s t   is  removed  by  f i l t r a t i o n   through  a  Whatman  No.  50  f i l t e r  

disc  and  the  e thanol   is  then  removed  in  vacuo.  The  oi ly  r e s i d u e  



of  5 - e n d o ( 6 ' - c a r b o x y h e x y l ) - 6 - e x o - d i e t h o x y m e t h y l - b i c y c l o  

[ 2 , 2 , 1 ]   heptane  is  d i sso lved   in  CHCl3  (50  ml),  2N  aqueous 

hydroch lo r i c   acid  (50  ml)  is  added,  and  the  two  phase  system  i s  

s t i r r e d   for  6  hours  at  room  tempera ture .   Water  (100  ml)  is  then  

added,  followed  by  diethyl   ether  (150  ml)  and  a f te r   v i g o r o u s  

shaking  the  organic  phase  is  separa ted .   The  aqueous  phase  i s  

ex t r ac t ed   with  a  fu r the r   150  ml  of  d ie thyl   ether  and  the  two 

ether  e x t r a c t s   are  combined.  Evaporation  of  the  diethyl   e t h e r  

from  the  dried  so lu t ion   gives  5 - e n d o ( 6 ' - c a r b o x y h e x y l ) - 6 - e x o -  

fo rmyl -b icyc lo   [ 2 , 2 , 1 ]   heptane  as  an  oil  (152  mg),  (film)  1715 

cm  ( b r o a d ) ;   M.S.  (methyl  e s t e r ) :   M+/M++1  266/267 -  s ingle  peak;  

δ (CDCl3)  1 .1-2.6  (22H,  a l i p h a t i c  H ) ,   9.6  (d,  1H,  CHO),  10 .0  

(broad,  COOH). 

(2)  5 - e n d o ( 6 ' - C a r b o x y h e x y l ) - 6 - e x o - ( N - p h e m l u r e i d o i m i n o m e t h y l ) -  

b icyc le   [ 2 . 2 , 1 ]   hep t ane  

The  a ldehyde /ac id   (1)  (50mg)  is  reached  in  t e t r a h y d r o f u r a n  

with  phenyl  semicarbazide  according  to  the  procedure  described  in  

Example  3  and  the  r e ac t i on   mixture  is  worked  up  according  to  t h e  

procedure  descr ibed  the re in   to  give  the  t i t l e   compound  as  an  o i l  

(48mg.  63%,  a f t e r   chromatography),  X  max (CH3OH)  248nm,  ε  
max 

15,750;  MS  (d i rec t   in le t   on  free  ac id) :   M+385. 

Example  7:  Tests  of  B io log ica l   A c i t i v i t y  

Various  of  the  compounds  described  in  Examples  1  to  3  a r e  

tes ted   for  b io log i ca l   a c t i v i t y   in  the  human  p l a t e l e t   and  r a b b i t  

aorta  sys t ems .  



Human  P l a t e l e t   System 

P l a t e l e t - r i c h   plasma  obta ined   from  f resh ,   c i t r a t e d   human 

blood.  Addi t ion  of  the  11,9-epoxymethano  analogue  of  PGH2 

(1  x  10-7  to  5  x  10-7M)  causes  immediate  a g g r e g a t i o n   r e c o r d e d  

as  an  i n c r e a s e   in  l i gh t   t r a n s m i s s i o n   (600  nm).  In  a  s econd  

experiment   the  i n d i v i d u a l   compounds  are  added  5  minutes  p r e v i o u s l y  

to  a d d i t i o n   of  the  PGH2  analogue.   The  dose  of  the  PGH2 

analogue  added  is  then  inc reased   to  a  level   which  gives  a 

s i m i l a r   response   to  tha t   ob ta ined   in  the  absence  of  a n t a g o n i s t .  

The  a f f i n i t y   c o n s t a n t ,   KB,  for  the  compound  is  c a l c u l a t e d  

according  to  the  Gaddum -  Schild  Equation  (based  on  Law  o f  

Mass  A c t i o n ) .  

DR-1  =  [B]  x KB  DR  =  dose  r a t i o  

[ B ] =   molar  c o n c e n t r a t i o n  [B] =  
of  compound 

Rabbit  Aorta  System 

Sp i ra l   s t r i p s   of  t h o r a c i c   aor ta   are  suspended  in  K r e b ' s -  

H e n s e l e i t   s o l u t i o n   and  ae ra t ed   with  95%  02/5%  C02  at  37°C. 

Tension  changes  are  recorded   with  a  Grass  FT03  f o r c e  

t r a n s d u c e r .   I n i t i a l l y ,   cumulat ive  dose  response   curves  t o  

11 ,9- (epoxymethano)   PGH2 (2  x  1 0  ,   1  x  10-8,  5  x  10-8  a n d  

2.5  x  10-7M)  are  ob t a ined .   In  a  second  exper iment   t h e  

i n d i v i d u a l   compounds  are  added  30  mins  p rev ious   to  the  a d d i t i o n  

of  the  s e r i e s   of  agon i s t   doses.  A f f i n i t y   c o n s t a n t s   a r e  

c a l c u l a t e d   as  above .  



Resul ts   t yp i ca l   of  those  obtained  for  the  var ious   compounds 

are  shown  in  Table  2.  As  a  s tandard  of  comparison,  the  a f f i n i t y  

cons tan t   of  the  potent   muscar in ic   r e c e p t o r   an tagonis   a t r o p h i n e  

is  1  x  109  l i t r e s / m o l e .  





1.  A  compound  being  a  h icyclo   [2 ,2 ,1 ]   heptane  or  h e p t - 2 Z - e n e  

which  is  s u b s t i t u t e d   at  the  5 - p o s i t i o n  b y   a  6 - c a r b o x y h e x - 2 - e n y l  

group  or  a  m o d i f i c a t i o n   t he reo f   as  defined  h e r e i n ,   and  at  t h e  

6 - p o s i t i o n   by  a  grouping  -C(R)=N-NHCO-(NH)  -R'  in  which  R  i s  

hydrogen,  an  a l i p h a t i c   hydrocarbon  r e s i due ,   an  aromatic   r e s i d u e  

or  an  a l i p h a t i c   hydrocarbon  res idue   s u b s t i t u t e d   by  an  a r o m a t i c  

r e s idue ,   a  is  0  or  1,  and  R'  is  an  a l i p h a t i c   hydrocarbon  r e s i d u e ,  

an  aromatic  r e s i d u e ,   or  an  a l i p h a t i c   hydrocarbon  r e s i d u e  

s u b s t i t u t e d   d i r e c t l y   or  through  an  oxygen  or  sulphur  atom  by  an 

aromatic   r e s i due ,   and  p h a r m a c e u t i c a l l y   a c c e p t a b l e   b i o p r e c u r s o r s  

t h e r e o f .  

2.  A  compound  according  to  Claim  1  in  which  the  s u b s t i t u e n t   a t  

the  5 - p o s i t i o n   is  a  6 -ca rboxyhex-2 -eny l   group  or  a  d e r i v a t i v e  

t he reo f   formed  at  the  carboxy  g roup .  

3.  A  compound  according  to  Claim  1,  in  which  the  s u b s t i t u e n t   a t  

the  5 - p o s i t i o n   is  a  6-carboxyhexyl   group  or  a  d e r i v a t i v e   t h e r e o f  

formed  at  the  carboxy  g roup .  

4.  A  compound  according  to  Claim  1,  2  or  3,  in  which  t h e  

5 - s u b s t i t u e n t   t e r m i n a t e s   in  a  free  carboxy  g r o u p .  

5.  A  compound  according  to  Claim  1,  2  or  3,  in  which  t h e  

5 - s u b s t i t e n t   t e r m i n a t e s   in  a  carboxy  group  in  d e r i v a t i v e   form. 

6.  A  compound  according  to  Claim  5,  in  which  the  d e r i v a t i v e   i s  

an  amide,  an  es ter   or  a  sal t   of  the  carboxy  g roup .  

7.  A  compound  according  to  any  of  Claims  1  to  6,  in  which  R  i s  

hydrogen .  



8.  A  compound  accord ing   to  any   of  the  preceding   claims  in  

which  a  i s  0 .  

9.  A  compound  accord ing   to  any  of  the  preceding  c la ims,   in  

which  R'  is  an  a l i p h a t i c   hydrocarbon  or  an  a romat ic   r e s i d u e .  

10.  A  compound  accord ing   to  any  of  Claims  1  to  8,  in  which  R' 

is  an  a l i p h a t i c   hydrocarbon  r e s idue   s u b s t i t u t e d   d i r e c t l y   o r  

through  an  oxygen  or  sulphur   atom  by  a  phenyl  group  or  a  

s u b s t i t u t e d   phenyl  g r o u p .  

11.  A  compound  accord ing   to  Claim  10,  in  which  the  a l i p h a t i c  

hydrocarbon  r e s idue   is  of  1  to  3  carbon  a toms .  

12.  A  compound  accord ing   to  Claim  10  or  11,  in  which  t h e  

a l i p h a t i c   hydrocarbon  r e s idue   is  s u b s t i t u t e d   d i r e c t l y   or  t h r o u g h  

an  oxygen  or  sulphur   atom  by  a  phenyl  group  or  by  a  phenyl  g roup 

having  one  or  more  s u b s t i t u e n t s   s e l e c t e d   from  alkoxy  and  amino 

groups  and  halogen  s u b s t i t u e n t s .  

13.  A  compound  accord ing   to  Claim  12,  in  which  said  s u b s t i t u e n t ( s )  

are  chloro,   f luoro   or  t r i f l u o r o m e t h y l .  

14.  A  compound  according   to  any  of  Claims  1  to  8  and  10  to  14 

in  which  R'  is  an  a l i p h a t i c   hydrocarbon  r e s i d u e   s u b s t i t u t e d   by 

at  l eas t   two  a romat ic   r e s i d u e s .  

15.  A  compound  accord ing   to  Claim  14  wherein  the  a l i p h a t i c  

hydrocarbon  r e s idue   is  s u b s t i t u t e d   d i r e c t l y   by  two  phenyl  o r  

s u b s t i t u t e d   phenyl  g r o u p s .  

16.  A  compound  accord ing   to  any  of  the  preceding   claims  b e i n g  

a  b i c y c l o  [ 2 , 2 , 1 ] - h e p t - 2 Z - e n e .  



17.  A  compound  according  to  any  of  the  preceding   claims  b e i n g  

a  b i c y c l o [ 2 , 2 , 1 ]   h e p t a n e .  

18.  A  compound  according  to  any  of  the  p receding   claims,   in  

which  the  c o n f i g u r a t i o n   about  any  double  bond  in  the  5 - s u b s t i t u e n t  

is  c i s .  

19.  A  compound  according  to  any  of  the  preceding   claims,  in  

which  the  5-  and  6 - s u b s t i t u e n t s   are  in  t r ans   r e l a t i o n s h i p .  

20.  A  compound  according  to  any  of  the  preceding   claims,   i n  

which  the  5 - s u b s t i t u e n t   is  o p p o s i t e l y   d isposed  to  the  b r i d g i n g  

methylene  g roup .  

21.  A  pha rmaceu t i ca l   composition  comprising  a  compound  a c c o r d i n g  

to  any  of  Claims  1  to  20  as  an  ac t ive   i n g r e d i e n t   the reof   in  

combinat ion  with  a  p h y s i o l o g i c a l l y   a c c e p t a b l e   d i luen t   or  c a r r i e r .  

22.  A  compound  according  to  Claim  1  as  desc r ibed   in  Example  1, 

2,  3,  4,  5  or  6.  
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